Early readmissions contribute significantly to heart failure-related morbidity and negatively affect quality of life. Data on left ventricular assist device (LVAD)-related 30-day readmissions are scarce and limited to small studies.
I
mplantation of a continuous-flow left ventricular assist device (LVAD) improves survival and quality of life in patients with advanced end-stage heart failure (HF). 1 LVAD therapy is being increasingly used in an evergrowing population of HF patients, and is approved for destination therapy and bridge to heart transplantation indications. 2 Repeat hospitalizations contribute significantly to HF-related morbidity, negatively affect quality of life, and add significantly of healthcare costs. 3, 4 Not surprisingly, repeat hospitalizations are used as a performance marker and are often included as a primary efficacy outcome in HF trials. As more patients survive to discharge after LVAD implantation, readmissions have become an increasingly important quality metric in this high-risk population of patients with a heavy burden of comorbidities. Like other patients with advanced HF, LVAD patients remain at high risk for readmission, with 30-day readmission rates of up to 30%. 5, 6 Previous studies of LVAD-related readmissions are few and predominantly small, single-center experiences. 7, 8 Further, no previous study has extensively studied the economic impact of such readmissions in this cost-intensive patient population. The main objective of this study is to determine the incidence, causes, and predictors of 30-day readmissions after implantation of a contemporary LVAD device using a large real-world nationally representative database of hospitalizations in the United States. Understanding these would help improve patient outcomes and reduce healthcare costs by identifying high-risk patients and implementing timely interventions.
METHODS
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Data Source
The study cohort was derived from the National Readmission Database (NRD) for years 2013 and 2014, which were the most recent data available at the time of inception of the study. The NRD is sponsored by the Agency for Healthcare Research and Quality as part of the Healthcare Cost and Utilization Project (HCUP). Details on the NRD are available online. 9 In brief, the NRD is drawn from State Inpatient Databases that contain reliable, verified patient linkage numbers (indicated by variable NRD_visitlink) used to track a patient across hospitals within a state. The NRD includes data from 21 states that are geographically dispersed, and account for 49.3% of the total US resident population and 49.1% of all hospitalizations. HCUP partner states, which do not allow the release of patient-specific linkage numbers, are not included in the NRD, as this would not allow for analysis of readmission data. No fundamental differences between participating and nonparticipating states other than policy matters on privacy are anticipated. Discharge records of patients treated in US community hospitals excluding rehabilitation and long-term acute care facilities are included. All analysis was performed on unweighted data. This study was deemed exempt by the Institutional Review Board, as the NRD is a publicly available database containing deidentified patient information.
Study Population
Patients aged ≥18 years were identified as new LVAD recipients if their discharge record contained the International Classification of Disease, Ninth Revision; Clinical Modification (ICD-9-CM) procedure code 37.66 (corresponding to insertion of implantable heart assist system). This yielded an initial sample of 3164. Of these, patients who died during their index hospitalization (n=363, in-hospital mortality 11.5%) and those patients whose records were missing data on survival status (n=1) were excluded from readmission analysis. We further excluded patients who were discharged alive in December (n=290; because of lack of 30-day follow-up) yielding a final study population size of 2510.
Patient and Hospital Characteristics
Baseline patient characteristics included were age, sex, primary expected payer, median household income,
WHAT IS NEW?
• Readmissions among advanced heart failure patients are common and contribute significantly to health care-related costs.
• Rates and causes of readmissions and their associated costs among patients with a durable left ventricular assist device have not been studied in a contemporary multi-institutional setting.
• The present study found that readmission rates among left ventricular assist device patients remain high and are mostly secondary to noncardiac causes.
• We identified female sex, nonprivate insurance, prolonged hospitalization during index admission, and discharge destination other than short-term hospital as independent predictors of 30-day readmission in this study population.
WHAT ARE THE CLINICAL IMPLICATIONS?
• Gastrointestinal bleeding and infections continue to be the most common causes of readmission in the left ventricular assist device population. Careful monitoring of anticoagulation and patient and caretaker education will be of paramount importance to curtail these adverse events.
• Predictors of readmissions as identified in our study would allow clinicians and heath professionals caring for these patients to identify those at the highest risk.
• More widespread availability of postdischarge ancillary care such as visiting nurses, patient educators, and rehabilitation services can be expected to positively impact readmissions. 
Outcomes
The primary outcome of interest was rate of 30-day all-cause readmissions. Readmissions were identified according to the methodology outlined by HCUP. 9 In brief, patients in the NRD can be tracked using a patient linkage variable, and time to readmission calculated as the number of days between hospital discharge after index admission for LVAD implantation and the first day of hospital readmission using prespecified variables. For patients with multiple readmissions within 30 days, only the first readmission was included for analysis. Transfer to another hospital was not considered as a readmission. The primary diagnosis of each readmission record was identified and grouped into clinically meaningful categories to determine the primary cause of readmission. Causes of readmissions were broadly grouped as cardiac and noncardiac. Primary diagnosis categories and the corresponding Clinical Classification Software and ICD-9-CM codes are listed in Table II in the Data Supplement. Secondary outcomes of interest were length of stay and readmissions total hospital costs. Cost of the primary hospitalization and of readmissions for each individual patient was calculated using standard procedures as outlined by HCUP. In brief, the NRD contains data on total charges for each discharge identified by a total charge variable which represents the amount that hospitals billed for services. These hospital total charge data can be converted to cost estimates by multiplying total charges with the appropriate hospital-specific cost-to-charge ratio. We adjusted hospitalization costs for inflation using the US Bureau of Labor Statistics Consumer Price Index, with the year 2017 as the index base.
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Statistical Analysis
Categorical variables are expressed as frequencies and continuous variables as mean±SD or median (interquartile range) as appropriate. 
RESULTS
Baseline Characteristics
Baseline patient demographics, hospital characteristics, and in-hospital outcomes of LVAD patients who survived their index hospitalization are shown in Table 1 . Mean age of the study cohort was 56.3±13.2 years, and 78.5% patients were male. A large majority of LVAD implants were performed in large, urban, teaching hospitals (88.1%). In univariate analysis, compared with patients who were not readmitted within 30 days, those readmitted were more likely to be female, insured by Medicare, treated in a mediumsized hospital, discharged to skilled nursing facility/ home with health care, and have a longer length of index hospitalization (defined as ≥31 days; Table 1 ).
No statistically significant differences were noted in patient age, cause of cardiomyopathy (ischemic versus nonischemic), burden of comorbidities (≥4 Elixhauser comorbidities), or disease severity (high All Patients Refined Diagnosis Related Groups severity of illness) between those who were readmitted and those who were not.
Incidence and Predictors of 30-Day Readmission
Among the 2510 patients who survived their index hospitalization, 778 (31.0%) were readmitted within 30 days. The distribution of time to first readmission post-discharge among patients can be seen in a higher score and likelihood of 30-day readmission (P trend <0.01; Table 3 ).
Cause and Cost of 30-Day Readmissions
Causes of 30-day readmission are shown in Figure 2 . Among all readmissions, 23.8% were because of cardiac causes. HF was the most common cardiac cause of readmission (13.4% of all), followed by arrhythmias (8.1% of all; Figure 3 ). Noncardiovascular causes accounted for 76.2% of readmissions. Of these, infectious causes were the most frequent (30.2% overall, with 3.7% being device related and 3.3% secondary to septicemia). Bleeding amounted to 17.6% of total readmissions, of which the largest proportion was identified to be gastrointestinal in origin (15.7% of all). Device-related and surgical complications were noted as primary causes of readmission in 8.2% and 1.7% patients, respectively. Neurological causes (acute cerebrovascular accident 3.3%) resulted in 4.1% of readmissions. Lastly, Inhospital mortality for the first 30-day readmission was 3.3%. The total aggregate charges attributed to all readmissions within 30 days were $27.18 million. Average hospital cost per readmission was $34 948±2457. Cost of the first 30-day readmission accounted for 4.5% of total cost of episode of care (index+first 30-day readmission).
DISCUSSION
Thirty-day readmissions for cardiac conditions such as HF are publicly reported measures of performance quality. 11 Readmissions not only affect quality of life and cause significant morbidity but also add significantly to healthcare costs. Curtailing them has become a major focus of improved healthcare delivery, and financial penalties have been introduced for rehospitalizations. 12 In this study, using a contemporary nationally representative database, we have demonstrated that 31% of patients who underwent implantation of an LVAD were readmitted within 30 days of discharge with a median time to first readmission of 14 days. Most 30-day readmissions were for noncardiac causes (infections and bleeding being the most frequent), whereas cardiac causes accounted for less than one fourth of all 30-day readmissions. Female sex, nonprivate insurance, a discharge destination other than short-term hospital, and prolonged length of stay (≥31 days) during index hospitalization were independent predictors of 30-day readmission.
We observed that roughly a third of ≈2500 patients were readmitted within 30 days after LVAD implantation. Our results are comparable to those reported in previous smaller studies. Tsiouris et al 13 reported a 30-day readmission rate of 26.1% in 150 patients, whereas the 30-day readmission rate was 35% in a second study of 71 patients.
14 Further, 4.4% patients in our study experienced >1 rehospitalization within 30 days of LVAD implantation, highlighting the high burden of early readmissions in this population. LVAD patients might spend an average of 29.8 days in the hospital during the 2 years after implantation, and such repeated hospitalizations are therefore likely to hinder quality of life. 15 However, despite higher admission rates after LVAD implantation in the recent ROAD-MAP study, health-related quality of life improved from baseline more significantly with LVAD than medical therapy alone. 16 Infections and bleeding were the leading causes of early readmission in our study, as in previous studies. 17, 18 These causes of readmission are distinct from those for other HF populations. Infections after a major surgery, cardiac or otherwise, lead to a large proportion of early readmissions. However, driveline exit site infection and sepsis can be particularly ominous events in the natural history of LVAD patients. Further, LVAD recipients, particularly destination therapy patients, may also be prone to non-LVAD-related infections, and the risk is reported to increase with follow-up. 16 Intensive patient and caregiver education, and meticulous surgical technique are essential to reduce such events. In our study, 17.6% readmissions were secondary to bleeding events, with the majority being gastrointestinal in origin. Therapeutic anticoagulation, an acquired von Willebrand syndrome, as well as formation of arteriovenous, and angiodysplastic malformations in the gastrointestinal tract after implantation of continuous-flow LVADs are implicated. 19, 20 The management of anticoagulation in these patients needs to address competing risks of bleeding and pump thrombosis and cardioembolic events. A study from the Mayo Clinic demonstrated that thrombotic events were common after anticoagulation was stopped for bleeding in LVAD patients. 15 Cerebral thrombotic events are most common within the first 30 days after implantation 21 and these accounted a small (3.3%) yet sizable proportion of readmissions in our study.
A little less than one fourth of readmissions in our study were because of a cardiac cause, and only 13.4% of all were HF related. In contrast, as many as 30% to 45% of readmissions in advanced HF patients are secondary to HF exacerbations, confirming the positive impact of LVAD therapy in HF-related morbidity in advanced HF patients. 22 Our findings are analogous to those of a previous study where cardiac causes such as HF and arrhythmias were frequent cardiac causes of readmission in LVAD patients. 15 The second most frequent cardiac cause for readmission in our study was arrhythmias (8.1%) of which 73% were related to ven- tricular arrhythmias (VA). The incidence of VA is especially high in the early postoperative period, and those with pre-LVAD VA are most at risk for such events. 23 However, despite frequent VA-related admissions, only 1 patient had a cardiac arrest event. This confirms the ability of LVAD patients to tolerate most VA without significant hemodynamic compromise. Several predictors of high readmission risk emerged on our analysis. Readmission risk was higher in patients with very prolonged index hospitalization. This association has been reported in LVAD patients previously 24 as well as after myocardial infarction 25 and coronary artery bypass grafting 26 ; and likely reflects the frailty, high comorbidity burden, and complicated hospital course of this group of patients. Findings of our study also indicate that discharge to a short-term hospital reduced acute readmission compared with other destinations (home/home with health care/skilled nursing facility). Such a strategy should provide an opportunity to better address ongoing issues at the time of initial hospital discharge, allow a smoother transition to care at home, and reduce acute rehospitalizations. We found a lower risk of readmissions among patients with private party insurance compared with Medicare or Medicaid. Medicaid insurance, but not a low socioeconomic status, was associated with poorer outcomes in a study of bridge to transplant VAD patients. 27 We hypothesize that patients with private insurance would have better access to postdischarge care, including physician, and ancillary services such as rehabilitation, psychiatric, and social services leading to better outpatient management of LVAD-related and other issues. Female sex predicted a higher risk of readmission in our study. Many studies have reported more frequent readmissions in women with HF and after cardiac surgery, 26, 28 whereas others have suggested no sex-based differences. 29 In LVAD patients specifically, the higher rates of readmission in women could be related to disparities in care and their increased risks of infection and bleeding.
Our findings showed that short-term MCS before LVAD implantation independently predicted lower hospital readmission at 30 days among LVAD recipients. Short-term MCS devices are increasingly being used to bridge to more durable support such as an LVAD, 30, 31 with a recent systematic review suggesting their use in up to 30% patients before LVAD implantation. 32 Although our findings seem to suggest that pre-LVAD short-term MCS may improve readmission rates in LVAD recipients, it is certainly possible that this finding may represent a survival bias with the sickest patients, and therefore those most at risk of readmission experiencing morality before LVAD implantation or not surviving to discharge after LAVD implantation.
A cost-effectiveness analysis has shown that the costs of cumulative readmissions after LVAD implantation are higher than the cost of either outpatient care or device implantation. Also, mean cost of readmission was reported to be lower before LVAD than after ($19 645 versus $12 377). Average cost of readmission in our study was ≈$35 000 and accounted for 4.5% of total cost of episode of care. Even though LVADs may not be cost-effective, there are currently few other effective treatments for the 500 000 patients with advanced HF. 33 Information on causes and predictors of readmission will help care teams and health delivery systems devise strategies to improve cost-effectiveness by reducing readmissions.
Our study has several limitations, some of which are secondary to the administrative nature of our database, its reliance on ICD-9-CM/Clinical Classification Software codes and absence of clinical and laboratory data. Detailed information on underlying cardiomyopathy, indications for LVAD implantation, HF class, severity of shock, concurrent medication use, and incidence of right ventricular failure is either limited or missing. Causes of readmission were identified using the primary discharge diagnosis codes. Patients who are readmitted to a hospital in a different state are not tracked in the NRD. The database is also inadequate in tracking mortality data on patients who died outside of a hospital or in the emergency department.
In conclusion, 30-day readmissions are frequent after LVAD implantation even in contemporary times. In contrast to other HF patients, most admissions in LVAD patients are for noncardiac indications, majority being infection and bleeding related. Longer initial hospital stay, female sex, and nonprivate insurance predicted a higher risk of early readmissions. Costs associated with such readmissions were high and can be expected to have a significant impact on the total cost of healthcare costs in this population. Preimplant evaluation of cognitive function and social support, ongoing patient education and caregiver involvement, and a protocoldriven follow-up using a multidisciplinary approach will be needed to reduce readmissions and improve longterm outcomes in this high-risk population.
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